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SUPPLEMENTARY METHODS

Patient information

All human and mouse studies were approved by the national ethical committee protocols and in agreement
with the Université Laval ethical committee. Brain tissue from patients came from the Douglas Bell Canada
Brain Bank, Montreal, Canada, and included non-dementia controls and AD cases, based on
neuropathological diagnosis. Patient information is available elsewhere [1, 2]. Blocks of tissue from temporal

cortex, prefrontal cortex and hippocampus were dissected and snap frozen in liquid nitrogen until use.



SUPPLEMENTARY FIGURES

TargetScan HEK239-APPSwe
software HEK293 cells cells

Step 1 ! ! !

Screening and target identification BIOINFORMATICS LUCIFERASE ASSAYS WESTERN BLOT
(all family members)

-APP 3'UTR -APP 3'UTR - AB (total)
-BACE1 3'UTR -BACE1 3'UTR - APP C-terminal fragments
HEK293, Neuro2a, Neuro2a- APPSwe
HT22 cells cells
Step 2 |
Validation and functional studies WESTERN BLOT ELISA
top candidate - AB1-40 peptid
(top ) -APP - Agmz ﬁi&!aiﬁ
- BACE1
- Tau
Wildtype mouse Wildtype mouse
cortex, hippocampus cortex, hippocampus Wildtype mouse
St 3 striatum, brainstem striatum, brainstem cortex, brainstem
e p ] | ]
Preclinical proof-of-principle studies WESTERN BLOT gRT-PCR PROTEOMICS
(top candidate) -APP - APP -iTRAQ
- BACE1 -BACE1 - Biological pathways (IPA)
- Tau - Tau - Target identification (miRWalk)
- Nicastrin - Inflammation markers - Rip Chip
- Presenilin-1 - Validation in brain and cells
- Pen2

Supplementary Figure 1. Experimental overview of current study.
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Supplementary Figure 2. (A) Endogenous miR-15a, miR-15b, miR-16, miR-195, miR-424, miR-497 and
miR-103 levels were quantified by qRT-PCR in HEK293-APPSwe cells. U48 small nucleolar RNA
(RNU48) was used as normalizing control. The relative expression was calculated using the AACt method
(using miR-15a as 1 fold). (B) qRT-PCR analysis of ectopic miR-16 family members following transfection
in HEK293-APPSwe cells. Relative expression is shown (using endogenous miRNAs as 1 fold). RNU48 was
used as normalization control. (C) qRT-PCR analysis of transfected miR-16 in various cells lines used in this
study. Relative quantifications are shown (using endogenous miR-16 as 1 fold). RNU48 was used as
normalization control. (D) ELISA of soluble AB40 and AP42 in Neuro2a-APPSwe cells transfected with
miR-16 or SCR mimics. Measurements were done 48h post-transfection. Statistical significance was
determined by a Student paired t test (* = p<0.05, *** = p<0.001). All data are shown as meant SEM from

two or more independent experiments in triplicate.
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Supplementary Figure 3.

(A, B) Western blot analysis of endogenous full-length APP in native HEK293 cells following mimic
overexpression at 50 nM final concentration. Shown here are results at 48h post-transfection. Statistical
significance was determined by a Student paired t test (* = p<0.05, *** = p<0.001). Data are shown as
meant SEM from two experiments performed in triplicate. Quantifications are shown using Gapdh as

normalization control.
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Supplementary Figure 4. Downregulation of the miR-16/15a cluster in AD. (A) Schematic representation
(not to scale) of the DLEU2 transcript encoding miR-15a and miR-16-1 (upper panel). Close-up of the
amplified region (lower panel). Primer sequences are Forward: CTCAGCAATTCTTACCTTTCTTACG;
Reverse: TTCCTGGATACTCTCCTGTAGTC. (B) gRT-PCR of DLEU2 mRNA from non-demented
Controls (N=7) and AD individuals (N=9). Relative expression is shown (using Controls as 1 fold). RNU48
was used as normalization control. All samples were measured in triplicate. Statistical significance was
determined by a Mann-Whitney U test (* = p<0.05). (C) Validation by conventional PCR in frontal cortex

tissue. Shown here are two control and two AD individuals. Minus (-) RT was used as PCR negative control.
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Supplementary Figure 5. Validation of miR-16 mimic specificity in vivo. (A) Representative western blot
analysis of mice treated with chemically-modified miR-16 mimics (miR-16 mod.), harbouring 20-Me
modifications on both sense and antisense stands (50ug/day for 7 days, n=8 mice/group). Shown here is the
hippocampus. Similar negative results were obtained in the cortex, brainstem and striatum. Control mice
received vehicle alone (0.9% saline) (B) qRT-PCR analysis of miR-16 mod.-treated mice. These results
indicate that miR-16 expression levels are not significantly increased following treatment (n=8/group),

consistent with the notion that modified mimics are not functional. Data are shown as mean+ SEM.
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Supplementary Figure 6. (A) Levels of endogenous miR-16 in the different brain regions of control mice
(i.e., baseline levels). These experiments were performed from control (saline) treated mice. (B) qRT-PCR
analysis showing ectopic miR-16 expression and distribution following mimic delivery. These results
indicated a strong increase in miR-16 levels (over endogenous levels) in the hippocampus (106 fold), cortex
(34 fold), striatum (27 fold), and brainstem (27 fold). (C) RIP-Chip was performed on cortex and brainstem
of miR-16 mimic-treated mice (n=3/group). We observed a 3.63 and 2.66 fold enrichment in the cortex and
brainstem, respectively, compared to controls. Control mouse IgGs served as normalization control. Data are

shown as mean+ SEM.
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Supplementary Figure 7. Endogenous APP (A), BACE1 (B), and Tau (C) mRNA levels following miR-16
mimic treatment. mRNA levels were measured by qRT-PCR (n=6/group). Statistical significance was
assessed by parametric unpaired t test with Welch’s correction, P<0.05 considered as statistical significant.
GAPDH served as normalization control. Data are shown as mean+ SEM. (D) Representative western blot of
endogenous Tau (PHF1 epitope) following miR-16 mimic treatment (N=8/group). Blots were normalized to

Gapdh. Statistical significance was determined by a Student paired t test.
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Supplementary Figure 8. Nicastrin is directly regulated by miR-16. (A) Comparative bioinformatics
analysis of putative miR-16 binding sites within the mouse or human Nicastrin 3’UTR. Results were taken
from the miRWalk program. (B) Luciferase assay on wildtype human Nicastrin 3’'UTR co-transfected with
50nM mimics (SCR or miR-16) in HEK293T cells. The cells were lysed 24hrs post-transfection and

luciferase signal was measured (n=2 in triplicate). Statistical significance was assessed by one-way ANOVA

with Bonferroni post-test (*p < 0.05).



Pathway

Physical Interactions

Supplementary Figure 9. Physical interaction networks between putative miR-16 targets in vivo. Analysis
was performed using the Germania software. Both up- and down-regulated proteins were used in these
analyses. Black nodes indicate proteins identified in our proteomics analysis. Grey nodes indicate additional

putative binding partners in these pathways based on bioinformatics.
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SUPPLEMENTARY TABLES

Supplementary Table 1. Protein changes in the brainstem and hippocampus of treated mice versus controls
(n=4/group). A total of 103 proteins were significantly changed in the brainstem, including 47 upregulated
(in red) and 55 downregulated (in green) proteins. A total of 16 proteins were misregulated in the
hippocampus, including 5 upregulated (in red) and 11 downregulated (in green) proteins (fold change <0.8

and >1.2, P <0.05). Bioinformatics predictions were done by miRWalk.

Supplementary Table 2. DAVID gene enrichment analysis of top ranked targets identified in brainstem

using Homo sapiens background.



Supplementary Table 1

Brainstem ed miR-16 target site
Number | RATIO mi
No Accession| 5" Description Score | %% of | vscontrols | p-value 3UTR | Coding region
name Coverage
peptides | (brainstem)
QO1XV3 | BASPL [BASPI_MOUSE Brain acid soluble protein 1 8229 9% 101 50 LESE07
035526 | STKIA [STX1A_MOUSE Syntaxin-1a 24,07 | s6% 19 0586 892606
P19536 | COXSB [COXSB_MOUSE Cytochrome c oxidase subunit 58, mitochondrial 266 | 53% 16 0603 | 000121657
P12787 | COXSA [COXSA_MOUSE Cytochrome c oxidase subunit 54, mitochondrial 3945 | 6% 33 0614 |0,000160624
Qs3n | Thyl |Qs3YX2_MOUSE CDS0.1 1201| 33% 19 0618 | 000277828
QIMX32 | Prkcd |QMX42_MOUSE Protein kinase C delta type 759 | 9% s 065 00326449
Q3TPT3 | Syl |Q3TPT3_MOUSE Putative uncharacterized protein 345 | se% a8 0653 997605
A2AQ25-4 | Skt |A2AQ25-4 Isoform 4 of Sickle tail protein s | 7% 8 0673 | 000476251
QUDEIS | Neufb [NDUBS_MOUSE NADH dehydrogenase [ubiquinone] 1 beta subcomplex subunit 8, mitochondrial | 10 |  38% 9 0674 | 000526244
Q4VBCY | Ndufb11 |Q4VBCS_MOUSE Ndufb1l protein (Fragment) 1071 a1% 6 0679 | 00095815
QSCPQ1 | COX6C |COXGC_MOUSE Cytochrome ¢ oxidase subunit 6C 1785 | 6% 1 05685
PS6391 | Coxéhbl |CX6B1_MOUSE Cytochrome c oxidase subunit 681 1362 | 70% 20 0685 | 000171406
QUD8S5 | QCR7 [QCR7_MOUSE Cytochrome b-cl complex subunit 7 w77 | s 15 0695 |0,000153512
P31650 | Sic6all [S6ALL_MOUSE Sodium- and chloride-dependent GABA transporter 3 084 | 16% 1 0698 | 000502416
QOIKC6 | Cendl  [CEND_MOUSE Cell cycle exit and neuronal differentiation protein 1 150 | 57% 19 07 0000423472
Q60829 | Pppirlb [PPR1E_MOUSE Protein phosphatase 1 regulatory subunit 18 18 | e 2 0702 0,004223
P19783 | Coxdil [COX41_MOUSE Cytochrome c oxidase subunit 4 isoform 1, mitochondrial 1486 | 43% 19 0706 | 00155639
P06837 | Gapd3 [NEUM_MOUSE Neuromodulin 3636 | 71% 2 0,708 542607
QSCQH3 | NdufbS |NDUBS_MOUSE NADH dehydrogenase [ubiquinone] 1 beta subcomplex subunit 5, mitochondrial | 10 | 21% 6 0711 | 00077551
Q62WX2 | Tmsbax |Q6ZWX2_MOUSE Thymosin, beta 4, X chromosome. 1285 | 7% 1 0712 | 00218587
QUCR6L | Ndufb7 |NDUB7_MOUSE NADH dehydrogenase [ubiquinone] 1 beta subcomplex subunit 7 1431 se% 3 0718 | 00120844
Q88GZ1 | Hpcald |HPCL&_MOUSE Hippocalcinlike protein 4 1891 81% 23 0722 |0,000985372
QSDCTS | CRIPZ |CRIP2_MOUSE Cysteine-rich protein 2. 1028 | 39% 7 0723 | 00114881
Q8BLF7 | Sicza3 |QBBLF7_MOUSE Putative uncharacterized protein 1687 | 13% 1 0731 | 000105785
P11798 | Camk2a [KCC2A_MOUSE Calcium/calmodulin-dependent protein kinase type Il subunit alpha 5938 | S0% 7 0731 | 000178941
QOQXVO | PCSKL [PCSKI_MOUSE Prosaas 1638 | 47% 2 0732 |0,000728901
Q91X97 | NCALD |NCALD_MOUSE Neurocalcin-delta 01| 7a% 25 0735 | 00215997
Q99IY8 | LPP3 |LPP3_MOUSE Lipid phosphate phosphohydrolase 3 11| 17% 3 074 00151303
Q80YN3 | BCASI [BCASI_MOUSE Breast carcinoma-amplified sequence 1 homolog 3042 | 27% 23 0743 1,08605
Q3TYES | Lsamp |Q3TYES_MOUSE Limbic system-associated membrane protein 2073 | 36% 13 0749 | 00426762
PG0840 | ENSA [ENSA_MOUSE Alpha-endosulfine 1B51| 70% 12 0749 | 000174027
P9%028 | QCRG [QCR6_MOUSE Cytochrome b-cl complex subunit 6, mitochondrial 12,35 | 60% 8 0756 | 00278268
Q3UHX2 | Pdapl [HAP28_MOUSE 28 kDa heat- and acid-stable phosphoprotein 1259 | 3% 9 0757 | 000129728
P51830 | ADCYS [ADCYS_MOUSE Adenylate cyclase type 9 695 | 4% s 0759 | 00321568
054983 | CRYM |CRYM_MOUSE Thiomorpholine-carboxylate dehydrogenase 24| s1% 23 0761 | 00168747
P97450 | ATPS) |ATPS)_MOUSE ATP synthase-coupling factor 6, mitochondrial B72| s6% 2 0763 | 000373859
P63321 | RALA  [RALA_MOUSE Ras-related protein Ral-A 16 | 4% 1 0765 | 00349347
QBBLE7 | Slc17a6 |VGLU2_MOUSE Vesicular glutamate transporter 2 1205 | 17% 8 0765 | 000936656
CQZ1 | HSBPL |HSBP1_MOUSE Heat shock factor-binding protein 1 s 80% 6 0765 | 00386875
055042 | Snca [SYUA_MOUSE Alpha-synuclein 2602 | 91% 31 0766 | 00013887
638102 | Ppp3r1 |063810-2 Isoform 2 of Calcineurin subunit B type 1 2606 | 7% 2 0769 | 000459909
Q9D8B3 | Chmpdb |CHI4B_MOUSE Charged multivesicular body protein 4b 1014 | 29% 9 077 00217823
Q03517 | SCG2 [SCG2_MOUSE Secretogranin-2 668 | 4% 2% 0775 277607
9D Ndufb10 [NDUBA_MOUSE NADH dehydrogenase [ubiquinone] 1 beta subcomplex subunit 10 1801 57% 1 0777 | 00128557
Q971643 | Atp6v0a1 [Q971G4-3 Isoform AL-ll of V-type proton ATPase 116 kDa subunit a soform 1 4789 | 30% 2 0783 500607
BIASOS | Digap3  [BLASO6_MOUSE Disks large-associated protein 3 59 | % s 0785 | 00338111
Q8Ceds | Efhdz [Q8C845_MOUSE EF-hand domain-containing protein D2 ua | s1% 18 0788
P31324 | KAP3 [KAP3_MOUSE cAMP-dependent protein kinase type l-beta regulatory subunit 333 | s 18 0788 | 000215375
Q8BIH1 | Z2hela [2C21A_MOUSE Zinc finger C2HC domain-containing protein 14 1201| 19% 7 079 00404972
QOEROD | STX12 [STX12_MOUSE Syntaxin-12 155 | 3% 1 079 00119414
P61264 | STXIB [STXIB_MOUSE Syntaxin-18 433 | se% 38 079 1,78.05
9CQJ8 | Ndufb9 [NDUBS_MOUSE NADH dehydrogenase [ubiquinonel 1 beta subcomplex subunit & 1619 | as% 10 0792 | 00217948
Q3U212 | Siczal |Q3U212_MOUSE Putative uncharacterized protein 1001 | 1% 5 0793 | 00463827
Q58E70 | Tpm3 |QSSE70_MOUSE Tpms3 protein 18 | 4% 2 0795 | 00242466
A2A7R6 | Hpca |A2A7R6_MOUSE Neuron-specific calcium-binding protein hippocalcin (Fragment) 3676 | 79% 31 0795 | 00258137
Q8BTS0 | DdxS | QBBTSO_MOUSE DEAD (Asp-Glu-Ala-Asp) box polypeptide 5 w574 | 4% 29 1199 | 00023451
QOZINS | Dex39b [DX39B_MOUSE Spliceosome RNA helicase Dax3sh w42 | 3% 17 12 0,00233304
Qsviie Sfpa[SFPQ_MOUSE Splicing factor, proline- and glutamine-rich 954 | 4% 35 1202 [0,000109032
QSVDN2 | Atplal [AT1A1_MOUSE Ipha-1 66,56 | 5% 159 1,203 9,796.07
c: Hnrmpr [Q9CT37_MOUSE Putative uncharacterzed protein Fragment) 1201| 31% 10 1211 | ooassess
QUOPIS | Hnrnpul2 [HNRL2_MOUSE Heterogeneous nuclear ribonucleoprotein Urlike protein 2 w12 | 26% 17 1213 | 000892075
Q023575 | Ank1 |02357-5 Isoform 5 of Ankyrin- 36| 19% 29 1223 2,296.05
Q90Z8-2 | Hzafy |Q90ZQ8-2 lsoform 1 of Core histone macro-H2A.1 2607 | 38% 15 1226 | 000200346
Q3UTI2 | Sorbs2 |SRBS2_MOUSE Sorbin and SH3 domain-containing protein 2 78| 8% 10 1231 | 00271742
Qa9726 | Hmeb1 |Q49726_MOUSE High mobility group box 1 14| 37% 14 1233 | 00157343
Q8K0S0 | Phyhip |PHYIP_MOUSE Phytanoyl-CoA hydroxylase-nteracting protein 1924 | a2% 15 1233 | 000591662
Q88TME | Flna |FLNA_MOUSE Filamin-A a5 | 12% 23 128 0,0234162
Q8R384 | Myh11 [Q8R384_MOUSE Myhll protein 251 2% 38 124 | 000372456
Q8BH44 | Corozb |COR28_MOUSE Coronin-26 2359 | 31% 13 1241 | 0,00286535
QGPATE | S0mp20 aGPATE MOUSE ACThAtg sl cartegrator 1 complex ubunt ke 1 1642 | 7% 13 1262 | 00415583
035381 | Anp3za |AN32A_MOUSE rich nuclear A 2006 | 31% 15 1262 | 00113832
QUIMF3 | Gngl3 [GBG13_MOUSE Guanine nucleotide-binding protein G(l]/G(s;/G(o) subunit gamma-13 661 | a6% s 1252 | 00364961
CQ62 | Decrl [DECR_MOUSE 2,4-dienoyl-CoA reductase, mitochondrial 11| 2a% 7 1255 | 00164508
Q3UIU9 | Rmdn3  [RMD3_MOUSE Regulator of microtubule dynamics protein 3 1361| 2% 9 1258 | 00120001
Q3UGYVs | Spth  |Q3UGY4_MOUSE Putative uncharacterized protein 73| 2% 57 1262 6,69E-06
A2ASR2 | Arfgef2 [BIG2_MOUSE Brefeldin A-inhibited guanine nucleotide-exchange protein 2 87 | 4% 6 1260 | 00346823
G3XAL0 | Hnmpu. [G3XA10_MOUSE Heterogeneous nuclear ribonucleoprotein U 21| 31% 25 1,264 520605
D3V2v4 | Kencd |D3Y2V4_MOUSE Potassium voltage-gated channel subfamily C member 3 16 | 13% 6 128 00275812
P14733 | Lmnbl [LMNBL_MOUSE Lamin-B1 4605 | aa% 2 1,285 281606
Q68FG2 | sptbn2 |Q6BFG2_MOUSE Protein Sptbn2 17189|  s8% 139 1,286 117616
EOCXNS | Gpd1 [EOCXNS_MOUSE Glycerol-3-phosphate dehydrogenase [NAD(+)), cytoplasmic a7 | esn 25 129 | 000073079
Q3UHHO | Atp2b2 |Q3UHHO_MOUSE Putative uncharacterized protein 806 | 39% 64 129 326607
QSOVD1 | Fam98b [FASEB_MOUSE Protein FAM8B 985 | 17% s 1297 | 00259779
Q3uavo 10 |Q3U4Y0_MOUSE Putative uncharacterized protein 2| 9 1,297 0,041251
P20152 Vim  |VIME_MOUSE Vimentin 6844 | 75% 6 1316 550606
QOWVK | Ehdl |EHDI_MOUSE EH domain-containing protein 1 352 | 6% 29 1333 (0000632995
Q8C413 | Dgkg |Q8C413_MOUSE Diacylglycerol kinase gamma 184 | 19% 10 1347 | 000102144
P28352 | apext [APDCL_MOUSE ONA {spurinic rspyriminic ) yse 1605 | 38% 10 1466 | 00323024
unknown M 120050)) 1265 | 2% 8 1512 [0,000560151
32848 | Pvalb [PRVA_MOUSE Parvalbumin alpha 0 | 7% 2 1518 [0,000198945
QUINGI | Scla3 |Q9INGI_MOUSE Glutamate/aspartate transporter (Fragment) 21| 2% 36 152 | 00213031
QOIMS6 | Cdca2epd [BORGA_MOUSE Cdca2 effector protein 4 10 | 1% 5 1509 | 00279819
P43276 | Histihib [H15_MOUSE Histone HL5 821 | 19% 5 1,714 0,02542
Q64475 | Hi ,_MOUSE Histone H28 type 1-8 1608 | 43% 3 1722 | 00243785
Q620K5-2 | Acap2 [Q62QKS-2 Isoform 2 of Arf-GAP with coiled-coil, ANK repeat and PH domain-containing protein2 | 639 | 7% 6 1731 | 00222356
Q8828 | Nck2  |Q8BQ28_MOUSE Putative uncharacterized protein 19 | 1% 3 1735 | 00211423
P37804 | Tagin |TAGL_MOUSE Transgelin 1877 | 5% 1 1751 [0,000255131
P12658 | Calbl [CALBI_MOUSE Calbindin 576 |  67% 2 2,202 4,99E.08
P118818 | ltprl |PLIBSI-8 Isoform 8 of Inositol 1,4,5-risphosphate receptor type 1 739 | 19% a8 3,208 643619
Q991P6-2 | Homer3 |Q9SIPE-2 lsoform 2 of Homer protein homolog 3 984 | 2% 6 339 |0,000108871
Q3TXM3 | Sicla6 |Q3TXM3_MOUSE Putative uncharacterized protein 8 17% 10 378 |0,000775311
P28651 CaB__|CAH8_MOUSE Carbonic anhydrase-related protein 20| 3% 6 4,709 650605
Hippocampus Predicted miR-16 target site
Number | RATIO mimics
NoAccession| £ Description Score | %% vs.control | palue 3UTR | Coding region
name Converage
peptides
P31725 | 510029 [S10A9_MOUSE Protein S100-A9 6 30% 4 0471 | 00035525
Q8C872 | The |Q8C872_MOUSE Transferrin receptor protein 1 4z | 7% 3 0666 | 00373557
QsKoEs Fgb  |FIBB_MOUSE Fibrinogen beta chain 15| 1% 8 0671 | 00414647
QBCBM3 | Statl |QSCEM3_MOUSE Putative uncharacterized protein 1044 | 13% 7 0714 | 000461753
QosKa7 Fga  |Q99K47_MOUSE Fibrinogen, alpha polypeptide 1034 | 1% 5 073 | 000496785
F6X723 | Cpebl |F6X7Z3_MOUSE Cytoplasmic polyadenylation element-binding protein 1 (Fragment) 560 | 13% 3 0747 | 00253883
Q0QYT9 | Prpb [Q9QYT9_MOUSE Major prion protein sa1 | 2% 7 0768 0,030742
Q6PARS-6 | Gapvd1 [Q6PARS-6 Isoform 6 of protein and g protein 1 801 | 3% s 0771 | 00382554
Q91X72 | Hpx [HEMO_MOUSE Hemopexin 13| 21% 7 078 | 00030379
Q3UVL4 | Vpss1 |VPS51_MOUSE Vacuolar protein sorting-associated protein 51 homolog 1357| 13% 8 0785 | 00111839
Q8BTIE | srrm2 [SRRM2_MOUSE repetitive matrix protein 2 320 | 1% 4 0798 | 00231391
QB0TQ3 | Nefh [QB0TQ3_MOUSE MKIAADSS protein (Fragment) 61| 4% 1 1306 | 0,00336826
P07309 Ter  [TTHY_MOUSE Transthyretin s 30% s 1411 | 00244789
P28651 a8 |CAHS_MOUSE Carbonic anhydrase-related protein 1202 3% 6 1469 | 00400057
oszslo | QSIS MOUSE protentyrosine phoshitase recsptr ype N Fragmen) 520 | 4% 3 1525 | 00386948
Q3Tca7 | Tsez |Q3TCQ7_MOUSE Putative prote 349 | ow 4 179 | 0,0208798

Uniref  http://www.uniprot.org/help/uniref mus musculus
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